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DESCRIPTION 



HONEYCOMB STRUCTURE 
AND METHOD FOR MANUFACTURE THEREOF 
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Technical Field 

[0001] The present invention relates to a honeycomb structural body and a method for 
producing the honeycomb structural body. More particularly, the present invention 
relates to a honeycomb structural body which is suitably used as a filter (can be called as 
10 the "DPF") capturing particulate matter (can be called as the "PM") exhausted from 

diesel engines and satisfies both of low pressure loss and high mechanical strength, and 
relates to a method for producing the honeycomb structural body efficiently. 

Background Art 

15 [0002] In recent years, an influence of harmful substances such as particulate matters 
and NOx exhausted from automobile engines (especially, diesel engines) to the 
environment becomes big social issue. Under these circumstances, honeycomb structural 
bodies, in which a plurality of cells are formed by porous walls, as means for a filter, a 
catalyst support or the like for removing such harmful substances, are high-lightened. 

20 [0003] There has been developed honeycomb structural bodies for the DPF capturing 
the PM exhausted from diesel engines, for example. Honeycomb structural bodies for the 
DPF have a structure, in general, in which a plurality of cells, penetrating between a pair 
of end faces in the direction of the A axis and functioning as fluid passages, are formed 
by honeycomb shaped porous cell walls, and one cell is plugged at one end and the 

25 adjacent cell is plugged at another end alternately. This is the structure which is capable 
to capture and remove the PM in the exhaust gas by introducing the exhaust gas into the 
open cells of one end and passing through the cell walls of the honeycomb structural 
body. 
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[0004] This type of honeycomb structural body is canned into a metal casing 
(canning) at the time of equipping it with to the automobile body for example, and is used 
at that state. Therefore, in case of the isostatic strength of the honeycomb structural 
bodies is low, damages or breakings may be occurred at the time of canning or using 
5 under the state of canned. On the other hand, the pressure loss of exhaust gas is a matter 
of problem at the time the honeycomb structural bodies are used as the DPF, catalyst 
supports or the like. That is, the pressure loss may be occurred when gas passes through 
the honeycomb structural body, a power decline or a mileage deterioration of an internal 
combustion engine such as a diesel engine or a gasoline engine may be brought out. To 

10 these problems, it is effective to increase the porosity or the open frontal area of the 
honeycomb structural body, but increasing the porosity or the open frontal area may 
generally decrease mechanical strength such as isostatic strength or the like of the 
honeycomb structural body and may easily cause damages of the body. Accordingly, a 
honeycomb structural body which has high isostatic strength and is not easily damaged is 

15 demanded, even increasing the porosity and the open frontal area to decrease pressure 
loss or the like. 

[0005] The honeycomb structural body, having cordierite as a main constituent, 
thermal expansion coefficient of 3 X 10" 6 /K or less, porosity of 55-80% and mean pore 
size of 25-40 n m, for example, is already disclosed (see JP-A-9-77573), as such a 

20 honeycomb structural body. Also, the honeycomb structural body and the method for 
producing the same, having porosity of 55-80%, mean pore size of 30-50 ix m, 
Y / X ^ 0.05 (total pore volume is X and pore volume having diameter of 100 jj. m or 
more is Y), is disclosed (see JP-2000-3571 14). However, a honeycomb structural body 
satisfying both of low pressure loss and high mechanical strength is not yet available. 

25 [0006] The present invention has been made in view of the above problems and aims 
to provide a honeycomb structural body and a method for producing the same, which 
honeycomb structural body can be suitably used as a filter (DPF) capturing the particulate 
matter (PM) exhausted from diesel engines, and satisfies both of low pressure loss and 
high mechanical strength. 
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Disclosure of the Invention 

[0007] In order to achieve the above aim, according to the present invention, the 
following honeycomb structural body and a method for producing the same efficiently 
5 are provided. 

[0008] [1] A honeycomb structural body, in which a plurality of cells, penetrating 
between a pair of end faces in the direction of the A axis and functioning as fluid 
passages, are formed by honeycomb shaped porous cell walls made of cordierite as a 
main constituent, 

10 wherein said cordierite which is a main constituent of said cell walls consists, in a 

chemical composition, of 30-45% by mass of alumina (AI2O3), 11-17% by mass of 

magnesia (MgO) and 42-57% by mass of silica (SiCte), 

and is possessed of the following physical properties (1) through (5): 

(1) porosity: 55-75%, 

15 (2) open frontal area: 0.55 or more, less than 0.65, 

(3) mean pore size: 20-30 jjl m, 

(4) compression strength in the A axis: 2.0 MPa or more, and 

(5) a ratio of the "compression strength in the A axis / Young's modulus": 1.2 X 10* 3 or 
more. 

20 [0009] [2] A honeycomb structural body, in which a plurality of cells, penetrating 
between a pair of end faces in the direction of the A axis and functioning as fluid 
passages, are formed by honeycomb shaped porous cell walls made of cordierite as a 
main constituent, 

wherein said cordierite which is a main constituent of said cell walls consists, in a 
25 chemical composition, of 30-45% by mass of alumina (AI2O3), 1 1-17% by mass of 
magnesia (MgO) and 42-57% by mass of silica (SiCh), 
and is possessed of the following physical properties (1), (3), (6) and (7): 
(1) porosity: 55-75%, 
(3) mean pore size: 20-30 11 m, 



(6) bending strength: 2.0 MPa or more, and 

(7) a ratio of said "bending strength / Young's modulus": 1.2 X 10" 3 or more. 

[0010] [3] A honeycomb structural body, in which a plurality of cells, penetrating 
between a p a i r of end faces in the direction of the A axis and functioning as fluid 
5 passages, are formed by honeycomb shaped porous cell walls made of cordierite as a 
main constituent, 

wherein said cordierite which is a main constituent of said cell walls consists, in a 
chemical composition, of 30-45% by mass of alumina (AI2O3), 1 1-17% by mass of 
magnesia (MgO) and 42-57% by mass of silica (SiCh), 
10 and is possessed of the following physical properties (1) , (3), (8) and (9): 
(1) porosity: 55-75%, 
(3) mean pore size: 20-30 p, m, 

(8) rate of thermal expansion: 1.5 X 10" 6 /K or less, and 

(9) absolute value of difference of rate of thermal expansion: 0.2 X 10" 6 /K or less. 

15 [001 1] [4] A honeycomb structural body, in which a plurality of cells, penetrating 
between a pair of end faces in the direction of the A axis and functioning as fluid 
passages, are formed by honeycomb shaped porous cell walls made of cordierite as a 
main constituent, 

wherein said cordierite which is a main constituent of said cell walls consists, in a 
20 chemical composition, of 30-45 % by mass of alumina (AI2O3), 1 1-17 % by mass of 

magnesia (MgO) and 42-57 % by mass of silica (SiCh), 

and is possessed of the following physical properties (1) , (3), and (10): 

(1) porosity: 55-75%, 

(3) mean pore size: 20-30 ji m, and 
25 (10) specific surface area: 0.3-1. 0m 2 /g. 

[0012] [5] A honeycomb structural body according to the above [1], further is 

possessed of the following physical properties (6) and (7) in addition to the physical 

properties (1) through (5): 

(6) bending strength: 2.0 MPa or more, and 
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(7) a ratio of said "bending strength / Young's modulus": 1.2 X 10~ 3 or more. 
[0013] [6] A honeycomb structural body according to the above [1], further is 
possessed of the following physical properties (8) and (9) in addition to the physical 
properties (1) through (5): 

5 (8) rate of thermal expansion: 1 .5 X 10" 6 7K or less, and 

(9) absolute value of difference of rate of thermal expansion: 0.2 X 10' 6 /K or less. 

[0014] [7] A honeycomb structural body according to the above [1], further is 

possessed of the following physical property (10) in addition to the physical properties 

(1) through (5): 
10 (10) specific surface area: 0.3-1. 0m 2 /g. 

[0015] [8] A honeycomb structural body according to the above [1], further is 

possessed of the following physical properties (6) through (10) in addition to the physical 

properties (1) through (5): 

(6) bending strength: 2.0 MPa or more, and 
15 (7) a ratio of said "bending strength / Young's modulus": 1.2 X 10" 3 or more, 

(8) rate of thermal expansion: 1.5 X 10" 6 /K or less, 

(9) absolute value of difference of rate of thermal expansion: 0. 2 X 10" 6 /K or less, and 

(10) specific surface area: 0.3-1. 0m 2 /g. 

[0016] [9] A honeycomb structural body according to any one of the above [1] through 
20 [8], wherein said cell walls have substantially uniform (1) porosity and (3) mean pore 
size at both of the surface portion and the central portion. 

[0017] [10] A method for producing a honeycomb structural body, comprising: 
a forming process including kneading and shaping a cordierite forming material, a pore 
forming material and a diffusion vehicle to obtain a honeycomb shaped body, in which a 
25 plurality of cells, penetrating between a pair of end faces in the direction of the A axis 
and functioning as fluid passages, are formed by honeycomb shaped cell walls, and a 
firing process firing said honeycomb shaped body to obtain a honeycomb shaped porous 
honeycomb structural body having cordierite as a main constituent, 
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wherein using original material containing following proportion of following ( I ) 
alumina (AkOa) original material, ( II ) magnesia (MgO) original material and (HI) 
silica (SiCh) original material as said cordierite forming material so that a chemical 
composition of cordierite, which is a main constituent of said cell walls, constituting 
5 obtained honeycomb structural body is 30-45% by mass of alumina (AkCb), 1 1-17% by 
mass of magnesia (MgO) and 42-57% by mass of silica (SiCh), 

( I ) alumina (AI2O3) original material: granular alumina (AI2O3) including 50% or more 
of a material having the grain diameter of 10-20 m m (18% by mass or more against total 
mass of said cordierite forming material), 

10 (II) magnesia (MgO) original material: at least one material selected from the group of 
talc, magnesium hydrate and magnesium oxide having average grain diameter of 10 11 m 
or less (20 % by mass or more against total mass of said cordierite forming material), 
(HI) silica (Si02) original material: fused silica or silica gel (10% by mass or more 
against total mass of said cordierite forming material). 

15 [00 1 8] [ 1 1 ] A method for producing a honeycomb structural body according to the 
above [10], wherein 9 % or more by mass of kaolin or calcined kaolin, having an 
average grain diameter of 10 /i m or less, is used ad ( I ) alumina (AI2O3) original 
material and (EI) silica (Si02) original material against total mass of said cordierite 
forming material. 

20 [0019] [12] A method for producing a honeycomb structural body according to the 
above [10] or [1 1], in which obtained honeycomb structural body is possessed of the 
following physical properties (1) through (5): 

(1) porosity: 55-75%, 

(2) open frontal area: 0.55 or more, less than 0.65, 
25 (3) mean pore size: 20-30 ix m, 

(4) compression strength in the A axis: 2.0 MPa or more, and 

(5) a ratio of the "compression strength in the A axis / Young's modulus": 1.2 X 10" 3 or 
more. 



[0020] [13] A method for producing a honeycomb structural body according to the 
above [10] or [1 1], in which obtained honeycomb structural body is possessed of the 
following physical properties (1), (3), (6) and (7): 
(1) porosity: 55-75%, 
5 (3) mean pore size: 20-30 jj. m, 

(6) bending strength: 2.0 MPa or more, and 

(7) a ratio of said "bending strength / Young's modulus": 1.2 X 10" 3 or more. 
[0021] [14] A method for producing a honeycomb structural body according to the 
above [10] or [1 1], in which obtained honeycomb structural body is possessed of the 

10 following physical properties (1), (3), (8) and (9): 
(1) porosity: 55-75%, 
(3) mean pore size: 20-30 /z m, 

(8) rate of thermal expansion: 1.5 X 10" 6 /K or less, and 

(9) absolute value of difference of rate of thermal expansion: 0.2 X 10" 6 /K or less. 

1 5 [0022] [ 1 5] A method for producing a honeycomb structural body according to the 
above [10] or [1 1], in which obtained honeycomb structural body is possessed of the 
following physical properties (1), (3), and (10): 
(1) porosity: 55-75%, 
(3) mean pore size: 20-30 ii m and 

20 (10) specific surface area: 0.3-1. 0m 2 /g. 

[0023] [16] A method for producing a honeycomb structural body according to any 
one of the above [10] through [15], wherein said cell walls obtained have substantially 
uniform (1) porosity and (3) mean pore size at both of the surface portion and the central 
portion. 

25 [0024] According to the present invention, the honeycomb structural body and a 

method for producing the same efficiently, in which the honeycomb structural body can 
be suitably used as a filter (DPF) capturing the particulate matter (PM) exhausted from 
diesel engines and satisfy both of low pressure loss and high mechanical strength are 
provided. 
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Brief Description of the Drawings 

[0025] Fig. 1 is a schematic view of an embodiment of a honeycomb structural body of 
the present invention. 

5 Fig. 2 is a picture showing a micro structure of the cell wall at the surface portion 

of the honeycomb structural body obtained by the Example 1. 

Fig. 3 is a picture showing a micro structure of the cell wall at the center portion 
of the honeycomb structural body obtained by the Example 1. 

10 Reference Numerals 

[0026] 1: honeycomb structural body, 2: cell wall, 3, 3a, 3b: cell, 4, 5: end face 

Best Mode for Carrying out the Invention 

[0027] The best embodiment for carrying out the present invention is herein below 

15 described concretely in reference to drawings. 

[0028] The honeycomb structural body 1 according to the present invention (the first to 
the fourth invention) made of cordierite as a main constituent is the honeycomb structural 
body 1, in which a plurality of cells 3, penetrating between a pair of end faces 4 and 5 in 
the direction of the A axis and functioning as fluid passages, are formed by honeycomb 

20 shaped porous cell walls 2 made of cordierite as a main constituent. In case of using the 
honeycomb structural body as a filter such as DPF, as shown in Fig. 1, at any end of 
certain cell 3a or 3b, i.e., at any end face 4 or end face 5, cells are in the condition of 
being plugged. In such a case, it is preferable that one cell is plugged at one end and the 
adjacent cell is plugged at another end alternately, to form a checkered pattern at each 

25 end face 4 and end face 5. Incidentally, the plugging is not necessarily needed in such a 
case that the honeycomb structural body is used as a catalyst support. 
[0029] In the honeycomb structural body 1 according to the present invention (the first 
invention), cordierite which is a main constituent of said cell walls consists, in a chemical 
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composition, of 30-45% by mass of alumina (AI2O3), 11-17% by mass of magnesia 
(MgO) and 42-57% by mass of silica (SiCh), 

and is possessed of the following physical properties (1) through (5): 
(1) porosity: 55-75%, 
5 (2) open frontal area: 0.60 or more, less than 0.65, 

(3) mean pore size: 20-30 11 m, 

(4) compression strength in the A axis: 2.0 Mpa or more, and 

(5) a ratio of the "compression strength in the A axis / Young's modulus": 1.2 X 10" 3 or 
more. 

10 [0030] In the present invention, the "direction of the A axis" means the direction which 
is parallel to the fluid direction of the honeycomb structural body, as defined at the JASO 
M505-87 (The testing method for the ceramic monolith support for the automobile 
exhaust gas purifying catalyst). Also, the "direction of the B axis" means the direction 
perpendicular to the A axis and the cell walls. 

1 5 [003 1] In the present invention, the "porosity" means the value which is calculated 
from the data of the total pore volume obtained by the mercury method. And the true 
density of cordierite is handled as 2.52g/cm 3 in this specification. 

[0032] In the present invention, the "open frontal area" means the open frontal area of 
the honeycomb structural body, i.e., the ratio of the open area of the plurality of cell holes 
20 to the cross sectional area perpendicular to the fluid passage direction (the direction of A 
axis). 

[0033] In the present invention, the "mean pore size" means the median micro pore 
diameter in the volume standard which is calculated by measuring the total pore volume 
by mercury method. 

25 [0034] In the present invention, the "compression strength in the A axis" means the 
value which is measured the compression strength by the autograph in the A axis from 
the column shaped sample having the A axis length of 25.4mm and the diameter 
perpendicular to this of 25.4mm, which sample is obtained being dug from a honeycomb 
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structural body. In this case, the load cell is set to 25kN and the weighting speed to 
0.5mm/min. 

[0035] In the present invention, the "bending strength" means the value which is 
measured so that the plate sample, which is obtained by cutting from a honeycomb 
5 structural body, is pulled to the direction of the A axis of the honeycomb structural body. 
[0036] In the present invention, the "rate of thermal expansion" means the both of the 
rate of thermal expansion of the direction of the A axis and the direction of the B axis. 
[0037] In the present invention, the "absolute value of difference of rate of thermal 
expansion" means the absolute value of the difference between the rate of thermal 
10 expansion of the direction of the A axis and the rate of thermal expansion of the direction 
of the B axis 

[0038] In the present invention, the "specific surface area" means the surface area per 
unit weight of the honeycomb structural body if the object is a honeycomb structural 
body, and the surface area per unit weight of the raw material powder if the object is a 
15 raw material. 

[0039] Cordierite which is the main constituent of the cell walls 2 of the present 
invention (first invention) contains 30-45% by mass, preferably 34-36 % by mass of 
alumina (AkOs) as chemical composition. If less than 30% by mass, remaining silica 
phase is too much after firing, and if more than 45% by mass, remaining mullite phase is 
20 too much after firing. In any case, it is not preferable because it may cause the 
discontinuity or increase of thermal expansion. 

[0040] Cordierite which is the main constituent of the cell walls 2 of the present 
invention (the first invention) contains 1 1-17% by mass, preferably 13-15 % by mass of 
magnesia (MgO) as chemical composition. If less than 11% by mass, remaining silica 
25 phase and mullite phase are too much after firing, and if more than 17% by mass, 

remaining spinel phase is too much after firing. In any case, it is not preferable because it 
may cause the discontinuity or increase of thermal expansion. 
[0041] Cordierite which is the main constituent of the cell walls 2 of the present 
invention (the first invention) contains 42-57% by mass, preferably 50-52 % by mass of 
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silica (Si02) as chemical composition. If less than 42% by mass, remaining spinel phase 
is too much after firing, and if more than 57% by mass, remaining silica phase is too 
much after firing. In any case, it is not preferable because it may cause the discontinuity 
or increase of thermal expansion. 
5 [0042] Honeycomb structural body of the present invention (the first invention) has the 
physical property (micro structure) of (1) porosity of 50-75%, preferably 55-70%. If 
less than 50%, pressure loss may be increased at the time of exhaust treatment, and if 
more than 75%, mechanical strength may be decreased. 

[0043] Honeycomb structural body of the present invention (the first invention) has the 
10 physical property (micro structure) of (2) open frontal area of 0.55 or more, less than 0.65, 
preferably 0.60 or more, less than 0.65. If less than 0.55, pressure loss may be increase at 
the time of exhaust gas treatment, and if 0.65 or more, mechanical strength may be 
decreased. 

[0044] Honeycomb structural body of the present invention (the first invention) has the 
15 physical property (micro structure) of (3) mean pore size of 10-40 /z m, preferably 20-30 
H m. If less than 10 1± m, pressure loss may be increased at the time of exhaust gas 
treatment, and if more than 40 ix m, mechanical strength may be re decreased. 
[0045] Honeycomb structural body of the present invention (the first invention) has the 
physical property of (4) compression strength in the A axis of 2.0MPa or more, 
20 preferably 2.5MPa or more. If less than 2.0MPa, mechanical strength may be decreased. 
[0046] Honeycomb structural body of the present invention (the first invention) has the 
physical property of (5) ratio of the "compression strength in the A axis / Young's 
modulus" of 1.2 X 10' 3 or more, preferably 1.4 X 10* 3 or more. If less than 1.2 X 10" 3 , 
thermal shock resistance may be decreased. 
25 [0047] The honeycomb structural body of the present invention (the second invention) 
has chemical composition of cordierite which constitutes cell walls 2, as well as (1) 
porosity and (3) mean pore size as physical properties, just like as the honeycomb 
structural body of the first invention. 
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[0048] Honeycomb structural body of the present invention (the second invention) has 
the physical property of (6) bending strength of 2.0MPa or more, preferably 2.5MPa or 
more. If less than 2.0MPa, mechanical strength may be insufficient. 
[0049] Honeycomb structural body of the present invention (the second invention) has 
5 the physical property of (7) ratio of said "bending strength / Young's modulus" of 1 .2 X 
1 0' 3 or more, preferably 1.4X1 0" 3 or more. If less than 1.2X1 0~ 3 , thermal shock 
resistance may be decreased. 

[0050] The honeycomb structural body of the present invention (the third invention) 
has chemical composition of cordierite which constitutes cell walls 2, as well as (1) 
10 porosity and (3) mean pore size as physical properties, just like as the honeycomb 
structural body of the first invention. 

[0051] Honeycomb structural body of the present invention (the third invention) has 
the physical property of (8) rate of thermal expansion of 1.5 X 10" 6 /K or less, preferably 
1.1 X 10' 6 /K or less. If higher than 1.5 X 10" 6 /K, thermal shock resistance may be 
15 decreased. 

[0052] Honeycomb structural body of the present invention (the third invention) has 
the physical property of (9) absolute value of difference of rate of thermal expansion of 
0.2 X 10" 6 /K or less, preferably 0. 1 X 10" 6 /K or less. If more than 0.2 X 10" 6 /K, thermal 
shock resistance may be decreased. 
20 [0053] The honeycomb structural body of the present invention (the fourth invention) 
has chemical composition of cordierite which constitutes cell walls 2, as well as (1) 
porosity and (3) mean pore size as physical properties, just like as the honeycomb 
structural body of the first invention. 

[0054] Honeycomb structural body of the present invention (the fourth invention) has 
25 the physical property of (10) specific surface area of 0.3-1. 0m 2 /g, preferably 0.3~0.6m 2 /g. 
If lower than 0.3m 2 /g, it is difficult to attain the porosity of 50% or more and the mean 
pore size of 40 /imor less, and if higher than 1.0m 2 /g, it is not preferable as a filter 
property because it become higher pressure loss material. 
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[0055] Honeycomb structural body of the present invention (the first invention) is 
preferable to have above mentioned physical properties of (6) and (7) which the present 
invention (the second invention) is possessed of, in addition to above mentioned physical 
properties of (1) through (5). 
5 [0056] Honeycomb structural body of the present invention (the first invention) is 
preferable to have above mentioned physical properties of (8) and (9) which the present 
invention (the third invention) is possessed of, in addition to above mentioned physical 
properties of (1) through (5). 

[0057] Honeycomb structural body of the present invention (the first invention) is 
10 preferable to have above mentioned physical property of (10) which the present invention 
(the fourth invention) is possessed of, in addition to above mentioned physical properties 
of(l) through (5). 

[0058] Honeycomb structural body of the present invention (the first invention) is 
preferable to have above mentioned physical properties of (6) through (10) which the 
15 present invention (from the second to the fourth invention) is possessed of, in addition to 
above mentioned physical properties of (1) through (5). 

[0059] Honeycomb structural body of the present invention (from the first to the fourth 
invention) is preferable to have substantially uniform (1) porosity and (3) mean pore size 
at both of the surface portion and the central portion, for obtaining the honeycomb 

20 structural body which has low pressure loss under keeping high mechanical strength 

without providing any particular surface treatment for the surface of the cell walls. More 
specifically, by taking this construction, it is possible to reduce high pressure loss 
because the pore size, the open frontal area and the porosity at the central part of the 
honeycomb structural body, at which the amount of passing exhaust gas is maximum, are 

25 as large as at the surface portion thereof at the time of exhaust gas treatment. In addition 
to this, by this construction, it is also possible to increase the amount of supported 
catalyst at the central portion, and therefore it is possible, under keeping mechanical 
strength high, to increase the purifying property as a whole. 
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[0060] A method for producing a honeycomb structural body according to the present 
invention (the fifth invention) is hereinbelow described specifically. The fifth invention 
is a method for producing a honeycomb structural body, comprising a forming process 
including kneading and shaping a forming material having a cordierite forming material, 
5 a pore forming material and a diffusion vehicle to obtain a honeycomb shaped body, in 
which a plurality of cells, penetrating between a pair of end faces in the direction of the A 
axis and functioning as fluid passages, are formed by honeycomb shaped cell walls, and a 
firing process firing said honeycomb shaped body to obtain a honeycomb shaped porous 
honeycomb structural body having cordierite as a main constituent, 

10 wherein using original material containing following proportion of following ( I ) 

alumina (AI2O3) original material, ( H ) magnesia (MgO) original material and (HI) 
silica (SiCh) original material as said cordierite forming material so that a chemical 
composition of cordierite, which is a main constituent of said cell walls, constituting 
obtained honeycomb structural body is 30-45% by mass of alumina (AI2O3), 1 1-17% by 

1 5 mass of magnesia (MgO) and 42-57% by mass of silica (SiCh), 

( I ) alumina (AI2O3) original material: granular alumina (AI2O3) including 50% or more 
of a material having the grain diameter of 10-20 v m (18 % by mass or more against total 
mass of said cordierite forming material), 

(II ) magnesia (MgO) original material: at least one material selected from the group of 
20 talc, magnesium hydrate and magnesium oxide having average grain diameter of 10 n m 
or less (20 % by mass or more against total mass of said cordierite forming material), 
(HI) silica (Si02) original material: fused silica or silica gel (10 % by mass or more 
against total mass of said cordierite forming material). 

[0061] Here, the "grain diameter" means the grain diameter measured by the laser 
25 diffraction / dispersion type grain size distribution measuring device (for example, the 
trade name: LA-920 or the like by Horiba, Ltd.). Furthermore, the expression "x% grain 
diameter (Dx)" means the grain diameter at which point the cumulative mass of grain 
material shows x% against the total mass of the grain material. For example, it is 
possible to measure by the method or the like comprising dispersing by ultrasonic 
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dispersion lg of the grain material, which is subjected to be measured, into 50g of ion 
exchanged water in a glass beaker, pouring the suspension fluid thereof into the cell of 
the measuring device after diluting into an appropriate concentration, then measuring the 
grain diameter after the ultrasonic dispersion again in the measuring device for 2 minutes. 
5 The "50% grain diameter (Dso)" by this measuring method is to be the "average grain 
size". 

[0062] A method for producing a honeycomb structural body according to the present 
invention (the fifth invention) comprises two steps, i.e., the forming process and the 
firing process as described above. 

10 [0063] (Forming process) 

The forming process of the fifth invention, as explained above, contains mixing 
and forming a forming material having a cordierite forming material, a pore forming 
material and a diffusion vehicle and obtaining the honeycomb shaped body, and using 
original material containing the predetermined proportion of alumina (AI2O3) original 

15 material, magnesia (MgO) original material and silica (SiCh) original material as said 
cordierite forming material so that a chemical composition of cordierite which is a main 
constituent of said cell walls constituting obtained honeycomb structural body is to be the 
predetermined proportion. 

[0064] The fifth invention has one characteristic feature in the point that using original 
20 material containing the predetermined proportion of alumina (AI2O3) original material, 
magnesia (MgO) original material and silica (SiCh) original material as said cordierite 
forming material so that a chemical composition of cordierite which is a main constituent 
of said cell walls is to be the predetermined proportion. To be concrete, compounding 
the cordierite forming material is made so that a chemical composition of cordierite is 
25 30-45% by mass, preferably 34-36% by mass of alumina (AI2O3), 1 1-17% by mass, 
preferably 13-15% by mass of magnesia (MgO) and 42-57%, preferably 50-52% by 
mass by mass of silica (Si02). 

[0065] In the cordierite forming material, a material having relatively small grain 
diameter in the order of 1-5 /z m has been used generally as in the past as the ( I ) 
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alumina (AI2O3) original material, however, for the fifth invention, as a granular alumina 
(AI2O3) such as aluminium oxide, aluminium hydrate or the like and/or kaolin, a material 
which has 1 8% by mass or more, preferably 20% by mass or more, to the total mass of 
said cordierite forming material, in which the granular alumina has relatively coarse 
5 grains of narrower grain diameter distribution of 10-20 11 m, preferably 50% or more, 
more preferably 70% or more, of material having grain diameter distribution of 10-20 jjl 
m, is used. Here, ( I ) the grain diameter of the alumina (AI2O3) original material being 
10-20 jj, m means the average grain diameter being within that range if a single kind of 
material among the granular alumina, such as aluminium oxide, aluminium hydrate or the 
10 like and/or kaolin is used individually, and the average grain diameter after mixing being 
within that range if plurality of kind of material are used together. 

[0066] In the cordierite forming material, as the ( II ) magnesia (MgO) original material, 
at least one material selected from the group of talc, magnesium hydrate and magnesium 
oxide having relatively small average grain size of 10 11 m or less, preferably 5/imor 
1 5 less is to be used 20 % by mass or more to the total mass of said cordierite forming 
material. 

[0067] As the (III) silica (SiCh) original material in the cordierite forming material, 
fused silica or silica gel is used 10 % by mass or more, preferably 15 % by mass or more 
to the total mass of cordierite forming material. 
20 [0068] By this constitution, it is possible to obtain a honeycomb structural body having 
a high compression strength in the direction A axis, keeping low pressure loss at the level 
of before. 

[0069] The silica gel which is used as the (EI) silica (SiCh) original material 
preferably has the grain size distribution (D10/D50) and grain size distribution (D90/D50) 
25 defined by the following formula (1) and the following formula (2) in relating to the 50% 
grain diameter (D50). 1 1 is possible to obtain porous body having the mean pore size 
which is capable to use practically, by keeping the grain distribution within this range and 
by making sharp the grain distribution. 
0.1 ^ (D10/D50) (1) 



(D90/D50) ^ 5 (2) 

(Here, D50: the 50% grain diameter, Dio:the 10% grain diameter, D90: the 90% grain 
diameter) 

[0070] If the grain size distribution (D10/D50) is less than 0.1, the mean pore size of the 
5 obtained porous body become small rapidly, then it may be difficult to obtain a porous 
body which has the mean pore size of 10 /z m or more. To attain the above mentioned 
effect certainly, it is preferable that the grain size distribution (D10/D50) is 0.2-0.5, and 
further preferably 0.3-0.5. Also, the grain size distribution (D90/D50) exceeds 5, certain 
defects may be occurred because some coarse grains may be mixed. These defects may 
10 cause to leak the particulate matter, in case of using as the DPF. To attain the above 
mentioned effect certainly, it is preferable that the grain size distribution (D90/D50) is 
1.5-4, and further preferably 1.5-3. 

[0071] The Silica gel which is used as the (IE) silica (S1O2) original material 
preferably includes 90% by mass or more of the grains having the aspect ratio of 5 or 

15 less. If the containing rate of the grains having the aspect ratio of 5 or less is less than 
90%, it may cause the roundness of the pores, which is obtained by firing, to be low, and 
may cause the pressure loss for the gas passing through to be higher. To attain the above 
mentioned effects certainly, it is further preferable to include 95% by mass or more, 
much more preferably 98% by mass or more, of the grains having the aspect ratio of 5 or 

20 less. 

[0072] The Silica gel which is used as the (III) silica (SiCh) original material 
preferably does not include substantially the grains having the grain diameter exceeding 
100 ix m. By substantially not containing the grains having the grain diameter exceeding 
100 n m, it is possible to prevent effectively to form coarse pores which may form the 
25 defects. Also it is possible to prevent effectively the malfunction of the rising the 

extruding pressure which is brought by the plugging of the slits (the extruded part from 
here forms separating cells) of the extruding die, if the extruding forming process is 
employed to obtain a honeycomb structural body having extremely thin walls. Here, the 
word "not include substantially" means that the grains having the grain diameter 
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exceeding 100 /zmis 0.01% or less by mass, in another word, it means the grain 
diameterlOO /imor less exceeds 99.99% by mass. 

[0073] The Silica gel which is used as the (HI) silica (SiCh) original material 
preferably consists of the porous body having the pore volume of 0.4-2. Oml/g. To keep 
5 the pore volume within this range, it is possible to obtain the pore making effect 

corresponding to the amount of addition. If the pore volume is less than 0.4ml/g, it may 
be difficult to obtain an sufficient pore making effect. Contrary, if the pore volume 
exceeds 2.0ml/g, the mechanical strength of the grains becomes low, the grains may be 
broken during the mixing, kneading or shaping process, then there is a case that the pore 
10 making effect is not obtained corresponding to the amount of addition. To attain the 
above mentioned effects certainly, it is further preferable that the pore volume is 
0.6-2. Oml/g, especially preferably 1.0~2.0ml/g. 

[0074] The Silica gel which is used as the (HI) silica (SiCh) original material 
preferably consists of the grains which has the specific surface area (JIS-R1626) is 

15 100~1000m 2 /g. To keep the specific surface area within this range, it is possible to 
obtain the sufficient pore making effect, maintaining the mechanical strength of the 
obtained fired body. If the specific surface area is lower than 100m 2 /g, the pore making 
effect may be insufficient. Contrary, if exceed 1000m 2 /g, the mechanical strength of the 
obtained fired body may be lower. To attain the above mentioned effects certainly, it is 

20 further preferable that the specific surface area is 300~1000m 2 /g, especially preferable to 
be 600-1 000m 2 /g. Here, the "specific surface area" means the specific surface area 
measured by the method according to J1S-R1626 (The method for measuring the specific 
surface area for the ceramic powder material by the gas absorption BET method). 
[0075] From the functional and the structural point of view, it is possible to obtain 

25 cordierite having a bold and homogeneous framework formation, by specifying the 
alumina (AI2O3) original material which function mostly as an aggregate-like, in the 
cordierite forming material, to be coarse grains and narrow grain diameter distribution. 
And also by using the fine pulverized talc as the ( II ) magnesia (MgO) original 
material and by using the predetermined amount of fused silica or silica gel as the (IE) 



silica (Si02) original material, it is possible to obtain an extremely homogeneous 
cordierite by efficiently connecting the ( I ) alumina (AI2O3) original material at the 
lower temperature of less than 1300°C, then it is possible to obtain the body which 
coexist both of the low pressure loss and the high mechanical strength. 
5 [0076] In this case, it may be possible to use kaolin or calcined kaolin having the 

average grain diameter of 10 m m or less, preferably 5/zmor less, in the amount of 9% or 
more by mass for the total mass of cordierite forming material, as a part of the ( I ) 
alumina (AI2O3) original material and the (HI) silica (SiCte) original material. By this 
constitution, it is possible to attain the low rate of thermal expansion in addition to the 

10 low pressure loss and the high mechanical strength. 

[0077] As the pore forming material in the forming material, it can be possible to 
enumerate graphite, foaming resin, wheat, starch, phenolic resin, polymetacrylic adid 
methyl, polyethylene, polyethylene terephthalate or the like. Especially, it is preferable 
to contain the foaming resin. As a foaming resin, it is possible to use both of the resin 

1 5 which is foamable by heating or the already foamed resin by heating. From the point of 
the filter function improvement, the resin which is foamable by heating is preferable, 
because it makes much amount of open pores. In this case, the resin which is formable 
by heating by the temperature of 100°C or higher is further preferable, because it is 
possible to restrain the deformation of the body as well as forming much amount of open 

20 pores. From the point of restraining the damage of the cell walls (so called the "cell 

crack") at the time of firing, the resin which is already foamed by heating is preferable. 
[0078] As the diffusion vehicle, it is possible to enumerate water, wax or the like, for 
example. Above all, water is preferable because it is easy to handle, e.g., less amount of 
volume change at the time of drying, less of gas generation, and so on. 

25 [0079] As the forming material, it is preferable to use a mixture blended a binder 
and/or a diffusion agent further in addition to the cordierite forming material, the pore 
forming material, and the diffusion vehicle. As the binder, it is possible to enumerate 
hydroxypropylmethyl cellulose, methyl cellulose, hydroxylethyl cellulose, 
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carboxylmethyl cellulose, polyvinylalcohol and so on, and as the diffusion agent, it is 
possible to enumerate ethyleneglycol, dextrin, fatty acid soap, polyalcohol and so on. 
[0080] The forming process is performed after the forming material is kneaded into the 
forming green body, as the apparatus for kneading the forming material to form the 
5 forming green body, for example, the combination of a kneader and an extruder, deairing 
pug mill (the continuous kneading extruder), or the like is numerated, 
[0081] As the blending proportion of each constituent of the forming green body 
formed by kneading the forming material, it is possible to enumerate 5-40 parts by mass 
of a pore forming material, 10-40 parts by mass of a diffusion vehicle (water, for 

10 example), if necessary 3-5 parts by weight of a binder and 0.5-2 parts by mass of a 
diffusion agent to the 100 parts by mass of the cordierite forming material. 
[0082] To form the honeycomb shaped body, in which a plurality of cells, penetrating 
between a pair of end faces in the direction of the A axis and functioning as fluid 
passages, are formed by honeycomb shaped cell walls, it is possible to extrusion form to 

15 an appropriate cell thickness and cell pitch by using a die which has a slit portion in 
which the forming green body flows, for example. 
[0083] (Firing process) 

The firing process of the fifth invention includes to obtain a porous honeycomb shaped 
honeycomb structural body which has cordierite as a main constituent by firing the 

20 honeycomb shaped body obtained in the forming process. 

[0084] In advance to the firing the honeycomb shaped body obtained by using water as 
the diffusion vehicle, methylcellulose as the binder at the forming process, it is preferable 
to dry the honeycomb shaped body, because methylcellulose is stiffened by drying and 
handling is simplified. It is possible to numerate as the drying process for the honeycomb 

25 shaped body, heated air drying, micro wave drying, dielectric drying, decompression 
drying, vacuum drying, freezing drying and so on, for example. 

[0085] As the firing method of the honeycomb shaped body, it is possible to point out 
the firing conditions of 1400-1450°C of the maximum firing temperature, 0.5-10 hrs. of 
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the maintaining time of the maximum firing temperature, under air atmosphere for firing 
atmosphere and so on, by using an electric furnace, for example. 

[0086] In the fifth invention, it is preferable to contain the cell plugging steps to plug 
the predetermined cells. The plugging step can be done by preparing a slurry by adding 
5 the diffusion vehicle, the binder or the like, to the cordierite forming material, providing 
this slurry to the open ends of the predetermined cells to plug them, then drying and/or 
firing the plugged body. It is preferable to plug the predetermined end of cells, i.e., so 
that one cell is plugged at one end and the adjacent cell is plugged at another end 
alternately, to form a checkered pattern at each end face. The plugging step can be done 
10 at any steps after the firing process, but it is preferable to done before the firing process, 
if the plugged portion is needed to fire, because the firing process is needed only one time 
by doing so. 

[0087] It is preferable that the obtained honeycomb structural body of the fifth 
invention has the above mentioned physical properties (1) through (5), i.e.: 
15 (1) porosity: 55-75%, 

(2) open frontal area: 0.55 or more, less than 0.65, 

(3) mean pore size: 20-30 /z m 

(4) compression strength in the A axis: 2.0 MPa or more, and 

(5) a ratio of the "compression strength in the A axis / Young's modulus": 1 .2 X 10" 3 or 
20 more. 

[0088] It is preferable that the obtained honeycomb structural body of the fifth 
invention has the above mentioned physical properties (1), (3), (6) and (7), i.e.: 
(1) porosity: 55-75%, 
(3) mean pore size: 20-30 ii m, 
25 (6) bending strength: 2.0 MPa or more, and 

(7) aratio of said "bending strength/Young's modulus": 1.2X 10' 3 or more. 
[0089] It is preferable that the obtained honeycomb structural body of the fifth 
invention has the above mentioned physical properties (1), (3), (8) and (9), i.e.: 
(1) porosity: 55-75%, 
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(3) mean pore size: 20-30 \x m, 

(8) rate of thermal expansion: 1.5 X 10" 6 /K or less, and 

(9) absolute value of difference of rate of thermal expansion: 0.2 X 10' 6 /K or less. 
[0090] It is preferable that the obtained honeycomb structural body of the fifth 

5 invention has the above mentioned physical properties (1), (3), and (10), i.e.: 
(1) porosity: 55-75%, 
(3) mean pore size: 20-30 ji m, and 

(10) specific surface area: 0.3-1. 0m 2 /g. 

[0091] Further, it is preferable that the cell walls of obtained honeycomb structural 
10 body of the fifth invention has the substantially uniform (1) porosity and (3) mean pore 
size in the surface portion and the central portion of the honeycomb structural body, 
because it is possible to obtain the honeycomb structural body which has the low pressure 
loss under keeping the high mechanical strength without providing any surface treatment 
for the cell walls especially. 

15 

Example 

[0092] The present invention will be explained by examples below, but the present 
invention is not restricted at all by these examples. 
[0093] (Example 1) 

20 A forming material is prepared by mixing respectively, as a cordierite forming 

material, as an alumina original material 25% by mass of alumina (AI2O3) including 70% 
of grains having the grain diameter of 10-20 jjl m, as a magnesia original material 42% by 
mass of talc having the average grain diameter of 4 i± m, and as a silica original material 
13% by mass of silica having the average grain diameter of 43 /i m and 20% by mass of 

25 kaolin having the average grain diameter of 2 n m, as a pore forming material 13 parts by 
mass of foaming resin to 100 parts by mass of the cordierite forming material, as a binder 
8 parts by mass of methylcellulose to 100 parts by mass of the cordierite forming material, 
as a surfactant 0.5 parts by mass of lauric acid to 100 parts by mass of the cordierite 
forming material, and as a diffusion vehicle 25 parts by mass of water to 100 parts by 



23 

mass of the cordierite forming material, preparing a forming green body by mixing the 
forming material by a kneader, and making a formed body having honeycomb structural 
shape (honeycomb shaped body) by extrusion forming the forming green body. The fired 
body (honeycomb structural body) is obtained by firing, including calcining step 
5 removing the binder (resin removal), under air atmosphere. The maximum firing 
temperature is 1420°C, and retaining time is 7 hrs. The chemical composition of 
cordierite of the obtained honeycomb structural body is 34-36% by mass of alumina 
(AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of silica (SiCh). 
[0094] (Example 2) 

10 A fired body (honeycomb structural body) is obtained by the same conditions with 

the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 30% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 11 m, as a magnesia 
original material 42% by mass of talc having the average grain diameter of 4 11 m, and as 

15 a silica original material 18% by mass of silica having the average grain diameter of 43 n 
m and 9% by mass of kaolin having the average grain diameter of 4 jjl m. The chemical 
composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 
of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 
silica (SiCh). 

20 [0095] (Example 3) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 25% by mass of alumina 
(AI2O3) including 50% of grains having the grain diameter of 10-20 jj. m, as a magnesia 

25 original material 42% by mass of talc having the average grain diameter of 4 u m, and as 
a silica original material 13% by mass of silica having the average grain diameter of 43 n 
m and 20% by mass of kaolin having the average grain diameter of 4 ji m. The chemical 
composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 



of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 

silica (SiOa). 

[0096] (Example 4) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
5 the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 18% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 jim, as a magnesia 
original material 34% by mass of talc having the average grain diameter of 4 ju m and 2% 
by mass of magnesium oxide having the average diameter of 5 jjl m, and as a silica 

10 original material 11% by mass of silica having the average grain diameter of 43 jul m and 
35% by mass of kaolin having the average grain diameter of 4 jj, m. The chemical 
composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 
of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 
silica (Si02). 

15 [0097] (Example 5) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 18% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 /i m, as a magnesia 

20 original material 35% by mass of talc having the average grain diameter of4/xm and 2% 
by mass of magnesium oxide having the average diameter of 5 ix m, and as a silica 
original material 10% by mass of silica having the average grain diameter of 43 fi m and 
35% by mass of kaolin having the average grain diameter of 4 11 m. The chemical 
composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 

25 of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 
silica (Si02). 
[0098] (Example 6) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
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cordierite forming material, as an alumina original material 25% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 Mm, asa magnesia 
original material 42% by mass of talc having the average grain diameter of 10 jjl m, and as 
a silica original material 13% by mass of silica having the average grain diameter of 43 11 
5 m and 20% by mass of kaolin having the average grain diameter of 4 11 m. The chemical 
composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 
of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 
silica (SiCh). 
[0099] (Example 7) 

10 A fired body (honeycomb structural body) is obtained by the same conditions with 

the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 21% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 /i m, as a magnesia 
original material 26% by mass of talc having the average grain diameter of 4 11 m and 7% 

15 by mass of magnesium hydrate having the average diameter of 8 ix m, and as a silica 

original material 17% by mass of silica having the average grain diameter of 43 /z m and 
29% by mass of kaolin having the average grain diameter of 4 jjl m. The chemical 
composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 
of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 

20 silica (SiCh). 

[0100] (Example 8) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 21% by mass of alumina 

25 (AI2O3) including 70% of grains having the grain diameter of 10-20 n m, as a magnesia 
original material 26% by mass of talc having the average grain diameter of 4 n m and 5% 
by mass of magnesium hydrate having the average diameter of 5 ji m, and as a silica 
original material 18% by mass of silica having the average grain diameter of 43 n m and 
30% by mass of kaolin having the average grain diameter of 4 \i m. The chemical 
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composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 
of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 
silica (SiCte). 
[0101] (Example 9) 

5 A fired body (honeycomb structural body) is obtained by the same conditions with 

the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 25% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 11 m, as a magnesia 
original material 42% by mass of talc having the average grain diameter of 4 ix m, and as 

10 a silica original material 13% by mass of silica having the average grain diameter of 43 /i 
m and 20% by mass of kaolin having the average grain diameter of 10 /z m. The 
chemical composition of cordierite of the obtained honeycomb structural body is 34-36% 
by mass of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by 
mass of silica (SiCte). 

15 [0102] (Example 10) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 25% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 11 m, as a magnesia 

20 original material 42% by mass of talc having the average grain diameter of 4 jn m, and as 
a silica original material 13% by mass of silica having the average grain diameter of 43 jjl 
m and 20% by mass of calcined kaolin having the average grain diameter of 4 11 m. The 
chemical composition of cordierite of the obtained honeycomb structural body is 34-36% 
by mass of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by 

25 mass of silica (Si02). 
[0103] (Example 11) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 2 except to use a cordierite forming material, as a silica original material 
18% by mass of silica gel having the average grain diameter of 50 11 m and the pore 
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volume of 0.75cc/g, and not adding the foaming resin as the pore forming material. The 
chemical composition of cordierite of the obtained honeycomb structural body is 34-36% 
by mass of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by 
mass of silica (SiCh). 
5 [0104] (Example 12) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material, as a silica original material 
18% by mass of silica gel having the average grain diameter of 16 /i m and the pore 
volume of L65cc/g, and not adding the foaming resin as the pore forming material. The 
10 chemical composition of cordierite of the obtained honeycomb structural body is 34-36% 
by mass of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by 
mass of silica (SiCh). 

[0105] The proportion (% by mass) of the cordierite forming material used in the 
Examples 1-12 and the physical properties of the fired body (honeycomb structural 
15 body) obtained by the Examples 1-12 are shown in the Tale 1, and the physical 

properties of silica gel material which is used in the Examples 1 1 and 12 are shown in the 
Table 2. 

[0106] (Comparative Example 1) 

A fired body (honeycomb structural body) is obtained by the same conditions with 

20 the Example 1 except to use a cordierite forming material mentioned below, as a 

cordierite forming material, as an alumina original material 25% by mass of alumina 
(AI2O3) including 20% of grains having the grain diameter of 10-20 jjl m, as a magnesia 
original material 42% by mass of talc having the average grain diameter of 30 11 m, and as 
a silica original material 13% by mass of silica having the average grain diameter of 43 /z 

25 m and 20% by mass of kaolin having the average grain diameter of 19 11 m. The 

chemical composition of cordierite of the obtained honeycomb structural body is 34-36% 
by mass of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by 
mass of silica (SiCte). 
[0107] (Comparative Example 2) 
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A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 25% by mass of alumina 
(AI2O3) including 45% of grains having the grain diameter of 10-20 11 m, as a magnesia 
5 original material 42% by mass of talc having the average grain diameter of 30 /z m, and as 
a silica original material 13% by mass of silica having the average grain diameter of 43 /x 
m and 20% by mass of kaolin having the average grain diameter of 19/zm. The 
chemical composition of cordierite of the obtained honeycomb structural body is 34-36% 
by mass of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by 

10 mass of silica (SiCte). 

[0108] (Comparative Example 3) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 30% by mass of alumina 

1 5 (AI2O3) including 70% of grains having the grain diameter of 10-20 /z m, as a magnesia 
original material 42% by mass of talc having the average grain diameter of 30 /z m, and as 
a silica original material 18% by mass of silica having the average grain diameter of 43 ji 
m and 10% by mass of kaolin having the average grain diameter of 12 ju m. The 
chemical composition of cordierite of the obtained honeycomb structural body is 34-36% 

20 by mass of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by 
mass of silica (SiCh). 
[0109] (Comparative Example 4) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 

25 cordierite forming material, as an alumina original material 30% by mass of alumina 

(AI2O3) including 70% of grains having the grain diameter of 10-20 ji m, as a magnesia 
original material 42% by mass of talc having the average grain diameter of 12 /z m, and as 
a silica original material 18% by mass of silica having the average grain diameter of 43 /x 
m and 10% by mass of kaolin having the average grain diameter of 4 /z m. The chemical 
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composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 
of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 
silica (SiCh). 

[0110] (Comparative Example 5) 
5 A fired body (honeycomb structural body) is obtained by the same conditions with 

the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 17% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 /i m, as a magnesia 
original material 30% by mass of talc having the average grain diameter of 4 \i m and 3% 

10 by mass of magnesium oxide having the average grain diameter of 5 11 m, and as a silica 
original material 10% by mass of silica having the average grain diameter of 43 ji m and 
40% by mass of kaolin having the average grain diameter of 4 jj. m. The chemical 
composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 
of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 

15 silica (Si02). 

[0111] (Comparative Example 6) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 18% by mass of alumina 

20 (AI2O3) including 70% of grains having the grain diameter of 10-20 jum, asa magnesia 
original material 36% by mass of talc having the average grain diameter of 4 /x m and 2% 
by mass of magnesium oxide having the average grain diameter of 5 11 m, and as a silica 
original material 9% by mass of silica having the average grain diameter of 43 /x m and 
35% by mass of kaolin having the average grain diameter of 4 11 m. The chemical 

25 composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 
of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 
silica (Si02). 

[0112] (Comparative Example 7) 
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A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 25% by mass of alumina 
(AI2O3) including 70% of grains having the grain diameter of 10-20 jum,asa magnesia 
5 original material 42% by mass of talc having the average grain diameter of 4 ju m, and as 
a silica original material 13% by mass of silica having the average grain diameter of 43 }i 
m and 20% by mass of kaolin having the average grain diameter of 12 /i m. The 
chemical composition of cordierite of the obtained honeycomb structural body is 34-36% 
by mass of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by 

10 mass of silica (SiCte). 

[0113] (Comparative Example 8) 

A fired body (honeycomb structural body) is obtained by the same conditions with 
the Example 1 except to use a cordierite forming material mentioned below, as a 
cordierite forming material, as an alumina original material 30% by mass of alumina 

15 (AI2O3) including 70% of grains having the grain diameter of 10-20 \x m, as a magnesia 
original material 43% by mass of talc having the average grain diameter of 4 1± m, and as 
a silica original material 19% by mass of silica having the average grain diameter of 43 11 
m and 8% by mass of kaolin having the average grain diameter of 4 11 m. The chemical 
composition of cordierite of the obtained honeycomb structural body is 34-36% by mass 

20 of alumina (AI2O3), 13-15% by mass of magnesia (MgO), and 50~52%by mass of 
silica (SiCh). 

[0114] The proportion (% by mass) of the cordierite forming material used in the 
Comparative Examples 1-8 and the physical properties of the fired body (honeycomb 
structural body) obtained by the Comparative Examples 1-8 are shown in the Table 3. 
25 [011 5] The measurement of the physical properties (porosity, open frontal area, mean 
pore size, compression strength in the A axis, ratio of the "compression strength in the A 
axis / Young's modulus", bending strength, ratio of the "bending strength / Young's 
modulus", rate of thermal expansion, specific surface area, thermal shock resistance 
temperature, and soot accumulating pressure loss) of the obtained honeycomb structural 
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body in the Examples and the Comparative examples is done as follows. And the micro 
structure (electron microscope picture) of the surface portion and the central portion of 
the honeycomb structural body is taken as follows. 

Porosity: The total pore volume (V cm 3 ) per lg mass is measured by the mercury 
5 method by using the mercury porosimeter (Model "Pore Master -60-GT" provided by the 
company QUANTACHROME), and the porosity is calculated by using the true density 
of cordierite of 2.52g/ cm 3 by the following equation: 

Porosity(%) = 100 X V / (V + 1/2.52) 

Open frontal area: the cell wall thickness (T) and the cell pitch (P) are measured by 
10 using an optical microscope in the perpendicular cross section of the honeycomb 

structural body to the fluid direction (the direction of the A axis), then open frontal area is 
calculated by the following equation: 

OFA = (P-T) 2 / P 2 

Mean pore size: measured by the mercury method by using the mercury porosimeter 
1 5 (Model "Pore Master -60-GT" provided by the company QUANTACHROME). 

Compression strength in the A axis: according to the JASO M 505-87, measured the 
compression strength by the autograph in the A axis from the column shaped sample 
having the A axis length of 25.4mm and the diameter perpendicular to this of 25.4mm, 
which sample is obtained being dug from a honeycomb structural body having cell wall 
20 thickness of 12 mil with the open frontal area of 0.63 and cell pitch of 300 CPSI (Cell Per 
Square Inch). 

Young's modulus: measured by the resonance method using a sample having a cross 
section perpendicular to the direction of the A axis of the honeycombs of 20~25mm X 
4~8mm and a length of 100mm or more parallel to the direction of the A axis of the 
25 honeycomb, and suspension span of 90mm. 

Ratio of the "compression strength in the A axis / Young's modulus": calculated from 
the compression strength in the A axis and Young's modulus, respectively. 



Bending strength: measured by the three-point bending test having 10mm span using 
a plate sample cut from the honeycomb structural body having width of about 4mm X 
thickness of about 300-500 fx m X length of about 20mm. 

Ratio of the "bending strength / Young' modulus: calculated from the bending 
5 strength in the A axis and Young's modulus, respectively. 

Rate of thermal expansion: measured by the thermal analysis apparatus (Model 
"THERMO PLUS 27 TMA" provided by the company Rigaku) according to JIS R1618, 
for the sample cut from the honeycomb structural body having a length parallel to the 
direction of A axis of 20mm and having a length of parallel to the direction of B axis. 
10 Specific surface area: measured by the gas absorption amount measuring 

apparatus(Model "AUTOSORB-l provided by the company QUANT ACHROME) by 
using the plate sample cut from the honeycomb structural body having a thickness of 
about 300-500 n m. 

Thermal shock resistance temperature: evaluated by an electric furnace spalling test. 

15 According to JASO M 505-87, keeping a honeycomb structural body of 5.66 inch 

diameter and 6 inch length in an air atmosphere electric furnace which is controlled to 
predetermined temperature, put it on the refractory brick after taking out into the air of 
25°C, then determined whether there are any cracks therein or not by an appearance 
observation and beat sounds. Starting from 350°C, if there is no cracks, raising the 

20 temperature for every 50°C and the maximum temperature which has no cracks is 
occurred to be the result of the test. 

Soot accumulating pressure loss: measured the pressure difference before and after 
the filter by passing air of 200°C, 5Nm 3 /L, after accumulating 5g/L of soot per 
honeycomb volume by light oil burning soot producer to the honeycomb structural body 

25 of the diameter of 5.66 inch and the height of 6 inch.. 

The micro structure (electron microscope picture) of the surface portion and the 
central portion of the honeycomb structural body: observed samples cut the radially 
outermost portion and the central portion from the honeycomb structural body having 
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5.66 inch diameter and 6 inch height (cut points are the 3 inch height portion), then 
samples are polished after filling up by a resin to observation sample. 
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Industrial Applicability 

[0119] The present invention is suitably used in various kind of separating apparatus 
such as a filter purifying the exhaust gas or the like, which is effective measures 
preventing the environmental pollution and the global warming, in the fields of 
automobile, chemical, electric power, steel, industrial waste processing and the like. 



